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AGING  OF  CHOLINERGIC  SYNAPSES  IN  THE  AVIAN  IRIS. 

Organizer:  E.  GiacoDini 
Participants:  T.  Mattio  and  I.  Mussini 

A  hypothesis  of  aging  of  the  cholinergic  synapse  has  been 
proposed  (Giacobini,  Adv.  Cell.  Neurobiol.,  3:173,  1933) 
which  contemolates  age-related  changes  in  carrier-mediated 
mechanisms  of  uptake  and  release  of  the  neurotransmitter  and 
its  precursor  (choline)  leading  to  "chemical  denervation". 
Morphometric  analysis  of  neuromuscular  junctions  in  the 
chicken  iris  showed  a  significant  reduction  of  the  axonal 
junctional  membrane  at  five  years.  A  50%  decrease  in  the 
volume  of  vesicles  per  unit  volume  of  the  synapse  was  evi¬ 
dent  at  three  years.  ifi  addition,  the  3-year  -tissue 
released  significantly  less  JH-acetylcholine  (JH-ACh) 
than  the  4-month  tissue  as  determined  by  the  area  under  the 
release  curve.  Also,  the  3-year  tissue  showed  a  lower  peak 
release  of  ^H-  ACh  than  the  4-month  iris.  The  time  needed 
for  the  3-year  tissue  to  reach  its  peak  release  was  signifi¬ 
cantly  longer  than  at  4-month  and  its  rate  of  release  was 
significantly  slower.  These  neurochemical  results  correlate 
well  with  the  morphological  data  which  demonstrates  that  two 
important  features  for  neurotransmitter  release  (vesicular 
volume  and  synaptic  length)  were  decreased  in  the  3-year  (or 
5-year)  old  tissue.  These  results  support  the  hypothesis 
that  age-dependent  decline  in  cholinergic  transmission  is 
related  to  modifications  of  presynaptic  mechanisms  of 
release  and  uptake  of  the  neurotransmitter  and  its  pre¬ 
cursor.  [Supported  by  AFOSR  Grants  81-9229  and  83-0051, 
Nowatski  Eye  Res.  Fdn.,  E.F.  Pearson  Fdn.  and  Natl.  Res. 
Council  of  Italy). 
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PHARMACOLOGY  OF  MUSCARINIC  RECEPTORS  CONTROLLING  ACH  RELEASE  IN  THE 
RAT  IRIS.  T.  Hattlo*.  E.  Glacoblnl  and  V.  Hoban*.  Department  of 
Pharmacology^  Southern  Illinois  University  School  of  Medicine, 
Springfield,  IL  62708  USA 

The  release  of  acetylcholine  (ACh) ,  both  in  central  and  periph¬ 
eral  nerve  tissues,  seems  to  be  modulated  by  a  presynaptic  muscar¬ 
inic  receptor.  In  the  albino  rat  iris,  which  contains  a  dense 
cholinergic  plexus,  we  have  demonstrated  the  presence  of  a  muscar¬ 
inic  autoreceptor.  The  electrically  stimulated  release  of  ACh  (50 
Hz ,  20  nA,  5  ms  biphasic  square  wave)  was  increased  in  the  presence 
of  muscarinic  antagonists.  Pirenzqpine  increased  ACh  release  in  a 
dose  dependent  manner  from  I0"J  M  (by  90*)  to  10“'  M  (by 
27%).  'copol amine  also  showed  a.  dose-dependent  increase  in  ACh 
release.  At  10“**  M  and  10-3  M  scopolamine  increased  ACh 
release  by  83%  and  41%,  respectively.  Atropine  increased  ACh 
release  from  10“-*  M  (by  70%)  to  10"'  M  (by  55%).  Oxo- 
tremorine  decreased  the  stimulated  release  of  ACh  at  10”3  M  and 
10“3  M.  8och  pirenzepine  and  atropine  antagonized  this  effect. 
2-Aminopyridine,  3-aminopyridine  ana  3, 4-di ami  nopyridine  were 
without  effect  on  ACh  release,  hqwever,  4-aminopyridine  increased 
ACh  release  by  55%  at  10" 3  M.  Hemichol inium  (l(TJ  M) 
increased  the  stimulated  overflow  of  ACh  in  the  iris.  These 
results  demonstrate  tnc  effects  of  muscarinic  antagonists  and 
agonist  on  the  release  of  ACh.  This  release  is  controlled  by  a 
presynaptic  muscarinic  receptor  which  wnen  stimulated  decreases  ACh 
release  and  when  blocked  increase  ACh  release.  In  the  iris  the 
aminopyridines  are  not  as  effective  as  has  been  found  at  neuromus¬ 
cular  junctions.  Heoicnol inium  whicn  prevents  the  reuptake  of 
choline  after  ACh  hydrolysis  shows  a  marked  increase  in  ACh  over¬ 
flow  after  electrical  stimulation.  This  overflow  is  most  probably 
due  to  the  effect  on  uptake  and  not  to  an  effect  on  the  muscarinic 
autoreceptor.  The  rat  iris  offers  several  advantages  in  studies  of 
actions  of  druos  on  muscarinic  receptors  and  ACh  release. 
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THE  ISOLATED  IRIS  AS  A  MODEL  OF  AG  I  MG.  Giacobini,  £.,  Dept.  Pharmacology,, 
Southern  Illinois  University  School  of  Medicine,  Springfield,  IL  62708  USA* 
The  iris  contains  a  dense  plexus  of  cholinergic  nerve  terminals  in  addi¬ 
tion  to  noradrenergic  and  peptidergic  endings.  These  cholinergic  nerve 
terminals  are  located  at  a  distance  from  their  cell  bodies  in  the  ciliary 
ganglion.  As  cell  bodies  in  the  ciliary  ganglion  are  all  chol inergics,  from 
the  point  of  view  of  innervation  the  iris  is  a  much  more  homogeneous  and 
readily  accessible  tissue  than  the  CMS  and  offers  several  advantages  in 
pharmacological  studies  of  drug  act\  n  on  selective  populations  of  terminals. 
The  avian  iris  muscle  which  is  a  striated  muscle  has  provided  an  experimental 
model  for  tne  study  of  various  aspects  of  development  and  differentiation 
(Giacobini,  E.,  IN:  Developmental  Meurobioloay  of  the  Autonomic  Nervous 
System,  ed.  by  P.M.  Gaotman,  Humana  Press,  Inc.,  1985),  denervation  (Mussini, 
I.  et  al • ,  Neuroscience,  12(1) : 53-55 ,  1984)  ana  aging  (Giacooini,  E.,  Adv. 
Cell.  Neurobiol.,  3:173-214,  1982).  Similarly,  the  isolated  iris  of  the  rat 
has  been  extensively  utilized  to  cnaracterize  mechanisms  of  synthesis  and 
release  of  acetylcnoline  (ACh)  as  well  as  to  define  the  action  of  drugs  on 
these  systems  (Mattio,  T.  et  al.,  Neuropharmacology,  23(1): 1207-1214 ,  1984). 
Mecnanisms  of  choline  (Ch)  uptake,  ACh  release,  as  well  as  ACh  synthesis  and 
turnover  can  ajl  be  studied  in  the  same  isolated  iris  and  at  the  sane  time 
morpnometric  measurements  can  be  performed  on  the  same  preparation  at  various 
ages.  Hign  affinity  Ch  uptake  ana  ACh  release  are  both  affected  at  early 
stages  of  aging  in  the  avfah  iris.  These  functional  defects  can  be  correl¬ 
ated  to  a  decrease  in  vesicular  volumes  and  junctional  appositional  areas  in 
tne  same  synapse  (Giacobini,  E.  et  al.,  IN:  Developmental  Neuroscience; 
Physiological,  Pharmacological  and  Clinical  Aspects,  ed.  by  F.  Caciagli  et 
al.,  1934).  (SuDyorted  by  grants  from  Air  Force  Office  of  Scientific  Res.; 
Mowatski  Eye  Research  Fund,  and  5.I.U.  Central  Research  Fund.) 
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T,TlE  RISE  AND  FALL  OF  THE  CHOLINERGIC  SYNAPSE 
AUTHORS  GIACOBINI,  E.,  HUSSINI,  I.*  and  MATTIO,  T. 

ADDRESS  Dept.  Pharmacol.,  Southern  Illinois  Uniy.  Sch.  Hed„,  Springfield,  IL  62708 
USA  and  *  C.S.  Biol.  Flsiopat.  Muse.,  1st.  Patologia  Generale,  Universita  di 
Padova,  3S100  Padova,  Italy. 

Based  on  the  results  of  our  studies  on  the  ciliary  ganglion  iris  preparation, 
a  hypothesis  of  aging  of  the  cholinergic  synapse  has  been  proposed 
(Giacobini,  E.,  Adv.  Cell.  Neurobiol.,  3:173,  1983),  This  hypothesis 
contemplates  age-related  changes  in  carrier-mediated  mechanisms  of  uptake  and 
release  of  the  neurotrahsmitter  and  its  precursor  (choline)  leading  to 
“chemical  denervation".  Morphometric  analysis  of  neuromuscular  junctions  in 
the  iris  showed  a  significant  reduction  of  the  axonal  junctional  membrane  at 
five  years.  A  501  decrease  In  the  volume  of  vesicles  per  unit  volume  of  the 
synapse  was  evident  at  three  years.  Experiments  were  designed  to  determine 
the  ability  of  the  3-year  iris  to  undergo  depletion-reloading-release  of 
3H-acetyl choline  (3H-Ach).  The  3-year  tissue  released  significantly  less 
3H-ACh  than  the  4-month  tissue  as  determined  by  the  area  under  the  release 
curve  (peak  area).  Also,  the  3-year  tissue  showed  a  lower  peak  release  of 
3H-ACh  than  the  4-month  iris.  The  time  needed  for  the  3-year  tissue  to 
reach  its  peak  release  was  significantly  longer  than  at  4-month  and  its  rate 
of  release  was  significantly  slower.  These  neurochemical  results  correlate 
well  with  the  morphological  data  which  demonstrates  that  two  important 
features  for  neurotransmitter  release  (vesicular  volume  and  synaptic  length) 
were  decreased  in  the  3-year  (or  5-year)  old  tissue.  These  results  support 
the  hypothesis  that  age-dependant  decline  in  cholinergic  transmission  is 
related  to  modifications  of  presynaptic  mechanisms  of  release  and  uptake  of 
the  neurotransraitter  and  its  precursor.  [Supported  by  AFOSR  Grants  81-9229 
and  83-0051,  by  grants  from  the  Nowatski  Eye  Res.  Fdn.,  E.F.  Pearson  Fdn. 
and  Natl.  Res.  Council  of  Italy  to  the  Unit  for  Muscle  Biology 
(I.  Mussini)]. 
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THE  NEUROMUSCULAR  JUNCTION  IN  THE  AVIAN  IRIS:  AN  EXPERIMENTAL  MODEL  FOR  STUDIES 
ON  PERIPHERAL  SYNAPSE  PLASTICITY. 

Isabella  Mussini,  Ezio  Giacobini*  and  Thomas  Mattio* 

National  Research  Council  Unit  for  Muscle  Biology  ano  Physiopathol  istitute 
of  General  Pathology.University  of  Padova, Italy  and  •  Department  o>  marmacclony 
Southern  Illinois  University,  School  of  Medicine,  Springfield,  111.62708.  USA. 

The  iris  muscle  fibers  of  the  chick  are  innervated  by  nerve  endings  of  "  en 
grappe"  type  which  are  located  in  shallow  depressions  of  the  myofibers  lacking 
secondary  synaptic  foldings.  Early  after  hatching  (a.h.)  the  nerve  terminal 
arborization  is  formed  by  a  few  boutons  grouped  together  or  variably  oblique 
across  the  muscle  fiber.  Starting  two  weeks  the  arrangement  cf  the  boutons 
becomes  prevalently  longitudinal.  Their  number  increases  continuously  reacr.mc 
a  mean  value  of  15/neu«*cmuscular  junction  (NMJJ  at  4  months.  A  parallel  increase 
occurs  in  the  length  of  the  synaptic  area:  in  young  aoults  (4  montns)  the  dif¬ 
fuse  "en  grappe"  type  NKJ  extenos  over  a  distance  of  more  than  80  urn  on  the 
muscle  surface.  Though  a  ’'nature"  ultrastructurel  appearance  is  acr.ieveo  since 
2  weeks  a.h..  morphometric  analyses  reveal  that  evolutive  chances  are  still  oc¬ 
curring  in  the  nerve  endings.  The  axonal  junctional  memorane  reacnes  a  steacy 
length  1  month  a.h.,  while  the  synaptic  vesicles  volume  increases  up  to  4  months. 
According  to  chances  in  neuroche~ical  parameters  (Giacobini,  E.,Adv.Cell.Neuro- 
biol.3:173,1983),  this  period  of  continuous  growth  is  followed  by  a  period  of 
synaptic  regression*  In  old  irises  the  NMJ  shows  a  significant  cecrease  in  the 
boutons  number  as  well  as  in  the  axonal  junctional  memorane  and  in  the  synaptic 
vesicles  volume.  This  is  alreaoy  reduceo  by  more  than  50*  at  3  years.  The  mor¬ 
phological  results  suggest  a  plasticity  of  the  synapse  in  the  avian  iris.  Its 
continuous  remodelling  from  natcning  to  senescence  is  prooably  related  to  the 
increasing  complexity  cf  the  r.yofioer  architecture,  at  first,  ano  then,  to  the 
progressive  decline  cf  the  cnolinercic  mechanisms.  (Supported  by  funds  from 
Natl .Res.Counc.il  of  Italy  tc  tne  Unit  for  Muscle  Biol .rhysiopatol .  ann  by  nFOSR 
Grants  81-9229  and  83-0051.  by  grants  from,  the  nowatsxi  Eye  P.es.Fdn.  and  E.F. 
Pearson  rdn.  to  E. Giacobini ) . 
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AGING  OF  CHOLINERGIC  SYNAPSES  IN  THE  AVIAN  IRIS. 
Giacobini,  T.  Hattio*  and  E.  Mussini*.  Dept.  Pharmacol., 
Southern  Illinois  Untv.  Sch.  Med.,  Springfield,  IL  62708  USA 
and  C.S.  Bfnl.  Fisiopat.  Muse.,  1st.  Patologia  Generate, 
Untversita  di  Padova,  35100  Padova,  Italy. 

Based  on  the  results  of  our  studies  on  the  ciliary 
ganglion  iris  preparation,  a  hypothesis  of  aging  of  the 
cholinergic  synapse  has  been  proposed  (Giacobini,  E.,  Adv. 
Cell.  Neurobiot.,  3:173,  1983).  This  hypothesis  contem¬ 
plates  age-related  changes  in  carrier-mediated  mechanisms  of 
uptake  and  release  of  the  r.eurotransmitter  and  its  precursor 
(choline)  leading  to  “chemical  denervation".  Morphometric 
analyses  of  neuromuscular  junctions  in  the  iris  showed  a 
significant  reduction  of  the  axonal  junctional  membrane  at 
five  years.  A  50X  decrease  in  the  volume  of  vesicles  per 
unit  volume  of  the  synapse  was  evident  at  three  years. 
Experiments  were  designed  to  determine  the  ability  of  the 
3-year  iris  to  undergo  depleticn-reloadlng-release  of 
3H-acetylcholine  (3H-Ach),  The  3-year  tissue  released 
significantly  less  3H-ACh  than  the  4-month  tissue  as 
determined  by  the  area  under  the  release  curve  (peak  area). 
Also,  the  3-year  tissue  showed  a  lower  peak  release  of 
3H-ACh  than  the  4-month  iris.  The  time  needed  for  the 
3-year  tissue  to  reach  its  peak  release  was  significantly 
longer  than  at  4-month  and  its  rate  of  release  was  signifi¬ 
cantly  slower.  These  neurochemical  results  correlate  well 
with  the  morphological  data  which  demonstrates  that  two 
important  features  for  neurotransmitter  release  (vesicular 
volume  and  synaptic  length)  were  decreased  in  the  3-year  (or 
5-year)  old  tissue.  These  results  support  the  hypothesis 
that  age-dependent  decline  in  cholinergic  transmission  is 
related  to  modifications  of  presynaptic  (Mechanisms  of 
release  and  uptake  of  the  neurotransmitter  and  its 
precursor.  [Supported  by  AFOSR  Grants  81-9229  and  83-0051, 
by  grants  from  the  Nowatski  Eye  Res.  Fdn.,  E.F.  Pearson  Fdn. 
and  Natl.  Res  Council  of  Italy  to  the  Unit  for  Muscle 
Biology  (l.  Mussini)]. 
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7th  Annual  Midwest  Neurooiology  Meeting 
St,  Louis,  MO  April  6-8,  1984 


G JACOB  HU,  E.,  MUSS  INI,  l.  and  MATT  10,  T. 

"Aging  of  Cholinergic  Synaoses  in  the  Avian  Iris" 

Department  of  Pharmacology,  Southern  Illinois  University  School  of  Medicine, 
Springfield,  Ill  inois  62703 

He  have  made  use  of  the  ciliary  ganglion-iris  preparation  of  the  aging 
(1.5-9  yrs)  chicken  as  a  mael  of  senescent  peripheral  cnolinerv'ic  synaoses. 
Neuromuscular  junctions  in  the  iris  of  aging  chickens  show  early  (1.5  yrs) 
morphological  signs  of  damage  sucn  as*,  reduction  ana  polymoronism  of 
syn-wtic  vesicles’ ana  increase  ;f  "euror'i  laments  and  mitochondria.  Accumu¬ 
lations  of  cytoolasmic  organelles  ina  lysosomes  are  seen  in  the  axoplasm  of 
the  nerve  fiber.  At  later  stages  5-3  yrs),  the  nerve  ending  is  envelooea 
by  Schwann  cells  infiltrating  ina  ‘filing  the  synaptic  cleft.*  Quantitative 
morpnometric  changes  in  the  ratio  describing  the  relationship  between 
volumes  of  terminals  and  volumes  of  synaptic  vesicles  snov  a  progressive 
decrease  in  the  volume  occupied  hy  synaotic  vesicles.  The  ability*  of  the 
cholinergic  synaoses  to  ta<e  up  JH-cnoiine  and  release  the  formed 
^H-acetyicnol  ine  (ACh)  in  response  to  high  Kr-depolariza.tion  is  impaired 
at  5  yrs  resulting  in  a  significant  depletion  of  the  -H-ACh  releasaole 
pool.  These  experiments  seem  to  ooint  out  for  the  first  time  a  selective 
functional  defect  in  the  cholinergic  synaose  during  aging.  (Supported  by 
AFOSR  Grant  Nl-144  and  by  Nowats<i  Eye  Research  Fund  to  E.G.) 
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A  SPECIFIC  FUNCTIONAL  DEFECT  OF  PERIPHERAL  CHOLINERGIC  SYNAPSES  DURING 
AGING 

,  Mussini,  I.*,  Mattio,  T.G.*,  Giacobini,  C.  and  Richardson,  J.S. 

Oept.  Pharmacol.,  So.  Ill.  Univ-.  Sch.  Med.,  Springfield,  IL  62703  USA 
Neuromuscular  junctions  in  the  iris  of  aging  (2-4  yrs)  chicken  show 
polymorphic  signs  of  degeneration  such  as  reduction  and  polymorphism  of 

synaptic  vesicles,  increase  of  neurofilaments  and  mitochondria.  Accumula¬ 
tions  of  cytoplasmic  organelles  and  lysosomes  are  seen  in  the  axoplasm  of 
the  nerve  fiber.  At  later  stages  (5-9  yrs)  the  nerve  ending  is  enveloped 
by  Schwann  cells  infiltrating  and  partially  filling  the  synaptic  cleft. 

Quantitative  changes  in  the  ratio  describing  the  relation  Vuv/Vvs 
between  volumes  of  terminals  (Vvv*synaptic  bouton  volume  fraction)  ana 
volumes  of  synaotic  vesicles  (Vvv  ■  synaptic  vesicles  volume  fraction) 

show  a  decrease  from  .4  to  .2  between  4  month  and  9  years.  This  indicates 
a  progressive  decrease  in  the  volume  occuoied  by  synaotic  vesicles  and  a 
possible  functional  deficit.  He  examined  the  ability  of  cholinergic 

synapses  in  the  iris  at  various  ages  to  take  up  the  precursor  JH-choline 
(Ch)  and  release  the  formed  3H-acetylchol ine  (AChJ  in  resoonse  to  high 
K+  (115  mM)  deoolarization.  We  have  observed  that  following  release  of 
ACh,  exocytosis  dearly  prevails  on  endocytosis  and  a  nearly  total  deple¬ 
tion  of  vesicles  is  present.  Under  acute  conditions  of  stimulated  release, 
aging  terminals  are  still  caoaole  of  an  adequate  depletion  of  ACh.  How¬ 
ever’  under  more  strenuous  conditions  of  multiple  kinas  of  loading-reload¬ 
ing  and  release  both  Ch  and  phosohorylchol ine  are  sicnficantly  deoletea. 
These  experiments  point  out  for  the  first  time  a  specif v;  functional  defect 
in  the  cholineraic  synaose  durino  aging. 

(Supported  by  AFOSR  Grants  81-9229;  83-0051,  Howatsky  Eye  Research  Founda¬ 
tion  and  E.F.  Pearson  Foundation  to  E.G.) 
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In  the  albino  rat  iris  we  have  demonstrated 
:  *“**<|^  the  presence  of  a  muscarinic  autoreceotor  and 
•};-%  elucidated  its  role  after  acetylcholinesterase 

•  (AChE)  inhibition  by  di  isoprooylf luoroonos- 
“I*  phate  (OF?).  The  electrically  stimulated 

*  ••  release  of  ACh  (50  Hz,  20  mA,  5  ms  souarei 

wave)  in  the  rat  iris  was  shown  to  be  temoera- 
'  ’  *  ture,  ‘(a*  ana  Ca*t  dependent.  Addition 
of  I0"~M  anu  10“3M  scopolamine  in  the 
.  suoerfjsion  buffer  increased  ACh  release  by 

••"•»  *  .  190  and  1505,  resoect ively.  The  addition  of 

;  i(T\  10"3  ana  10"°M  0FP  in  the 

. ‘»,.t  puffer  sigificantly  decreased  the  release  of 

•  ..Vs,  ACh  and  inhibited  AChE  activity  by  more  than 

90‘S.  This  inhipition  of  ACh  release  was 

*'/  j  totally  reversed  by  scopolamine  (10"3M) 
indicating  the  involvement  of  a  muscarinic 
’  • /.*f  autoreceptor.  The  accumulation  of  ACh  in  the 
’■V.\  synaptic  cleft  after  OF?,  results  in  muscar- 
inic  activation  and  a  consequent  feedback 

*  i-rvv}  inhibition  of  ACh  release.  (Supported  by 
’•VMS  Grant  .AF0SR-33-G051) 
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AGING  OF  CHOLINERGIC  SYNAPSES:  FICTION  OR  REALITY?  Ezio  Giacobini,  Southern 
Illinois  University  School  of  Medicine*  P.O.  Box  3926*  Springfield*  Illinois 
62708  USA 

Combined  neuropathological  and  biochemical  evidence  suggests  that  a  primary 
degeneration  of  cholinergic  axons  projecting  to  the  cortex,  and  a  secondary 
reduction  in  number  of  cholinergic  neurons  may  occur  in  specific  subcortical 
nuclei  (basal  forebrain),  during  pathological  aging  in  humans.  The  factors 
inducing  such  a  selective  loss  in  cholinergic  function  are  not  known.  Quantita¬ 
tive  analysis  of  neuronal  population  density  and  biochemistry  show  that  neurons 
and  synapses  other  than  cholinergic  may  also  be  affected  by  the  same  aging 
process.  Variable  data  have  been  reported  with  regard  to  the  relationship 
between  neuronal  losses  and  cholinergic  changes  and  to  the  magnitude  of  the 
reductions.  In  order  to  firmly  establish  a  cholinergic  hypothesis  of  senile 
dementia*  we  will  first  discuss  relevant  questions  such  as: 

1.  Are  biochemical  changes  selectively  localized  to  certain  brain  nuclei  or 
are  they  distributed  to  all  cholinergic  synapses  in  the  CNS? 

2.  Are  changes  related  to  the  normal  cereoral  aging  process,  i.e.  are  they 
mecnanisms  of  enzymatic  adaotation  or  are  ’  they  specific  for  senile 
dementia?  How  imoortant  is  the  age  range  of  the  controls?  How  important 
is  the  severity  of  the  aisease? 

3.  Which  is  the  primary  target  for  the  chemical  damage  and  the  neuronal  degen¬ 
eration?  Does  the  aging’ process  involve  both  pre-  and  oostsynaDtic  struc¬ 
tures?  Does  the  process  involve  cholinergic  terminals  firstly  and 
peruarya  secondly? 

4.  Are  cholinergic  neurons  in  the  PNS  and  C.NS  equally  affected? 

5.  Is  there  a  relationship  between  the  reduction  in  cholinergic  cortical 
innervation  and  the  pathogenesis  of  plaaues? 

In  the  second  part  of  our  presentation,  a  model  of  peripheral  cholinergic 
aging"  tne  iris,  will  be  introauced.  This  moael  allows  us  to  study  major 
cholinergic  parameters  together  with  pupillary  function.  In  humans,  ouoillary 
size  constitutes  a  predictable  marker  of  age-related  puoillary  function  and 
senile  miosis  seems  to  contribute  a  reliable  sign  of  aging  of  the  cholinergic 
innervation  of  the  eye.  Observations  will  be  presented  which  support  the  view 
that  terminals  of  cholinergic  neurons,  particularly  in  the  PNS,  represents  more 
vulnerable  targets  of  aging  process  than  cell  bodies.  Recent  attempts  to 
characterize  the  cholinergic  damage  to  synaptic  membrane  function  will  be 
discussed. 

Supported  in  part  by  AFOSR  grant  *83-0051  and  N'owatski  Eye  Fund. 
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EFFECTS  OF  OFF  ON  ACETYLCHOLINE  METABOLISM  AND  RELEASE  AND  PUPILLARY  FUNCTION  IN 
THE  RAT.  T.G.  Hattio,  3.S.  Richardson  and  E.  Giacoblni,  Southern  Illinois 
University  School  of  Mecncine,  P.O.  Box  3926*  Springfield,  Illinois  62708  USA 

The  effects  of  acute  topical  administration  of  diisoorooylphosohoruf luori- 
date  (OFP)  on  cholinergic  biochemistry  and  ACh  release  were  determined  and 
correlated  to  puoillary  function  in  the  rat.  OFP  (5  ua)  reduced  acetylcholin¬ 
esterase  (AChE )  activity  to  36X  at  l  min  and  to  8S  after  5  min  and  remained 
decreased  for  up  to  6  hrs.  Pupillary  area  was  normal  at  1  min  and  by  3.S  to  4 
min  complete  miosis  occurred  and  ho  light  reflex  could  be  elicited  for  up  to  6 
hrs.  Acetylcholine  (ACh)  levels  were  increased  34X  at  l  min  and  by  5  min  showed 
a  54*  increase.  This  increase  remained  stable  for  120  min  after  which  it 
decreased  to  28X  at  6  hrs.  Choline  levels  were  decreased  22%  at  5  min  but 
recovered  by  15  min  and  remained  at  control  levels  through  all  time  points 
studied.  The  presence  of  a  presynaotic-muscarinic  receotor  was  demonstrated  in 
the  iris.  The  role  of  this  receptor  in  inhibiting  ACh  release  in  the  presence 
of  OrP  was  also  determined.  OF?  snows  an  inhibitory  effect  on  ACh  release  which 
was  blocxed  by  scooolamine  suo"  ting  that  it  is  mediated  through  a  muscarinic 
receptor.  The  rat  iris  proved  to  be  a  good  model  for  studying ’of  AChE  agents 
since  biochemical  finaings  are  easily  correlated  to  pnysiologica’l  effects  on  the 
puoil. 

Supported  in  part  by  AFOSR  grant  *83-0051  and  Nowats’xi  Eye  Funo. 
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EFFECTS  OF  OFF  ON  THE  RELEASE  OF  ACETYLCHOLINE:  ROLE  OF  A 
PRESYNAPTIC  MUSCARINIC  RECEPTOR. 

Ezio  Giacobini  and  Thomas  Mattio 
Southern  Illinois  University  School  of  Medicine 
P.0.  Box  3926 
Springfield,  IL  62708  USA 

The  albino  rat  iris  contains  a  dense  plexus  of  cholinergic 
nerve  terminals  whose  cell  bodies  are  located  in  the  ciliary 
ganglion.  This  structure  is  a  good  model  for  the  study  of  cholin¬ 
ergic  function  due  to  its  homogeneity.  Following  characterization 
of  the  high  affinity  choline  (Ch)  uptake  system,  the  electrically 
stimulated  release  of  acetylcholine  (ACh)  was  studied.  ACh  pools 
were  labelled  by  uptake  of  3H-Ch  for  10  min  (1  uM).  The  irises 
were  then  rinsed  and  put  in  a  release  chamber  modified  from 
Potashner  (1978).  After  a  10  min  wash  the  tissue  was  stimulated 
by  a  50  Hz,  20  mA,  5  ms  square  wave  for  1  min  while  being  suoer- 
fused  by  oxygenated  Elliots  B  buffer.  The  perfusate  was  collected 
into  scintillation  vials,  after  which  2  ml  of  cocktail  was  added 
and  the  radioactivity  released  was  determined  by  liquid  scintilla¬ 
tion  counting.  The  tritium  released  was  expressed  as  a  percentage 
of  the  total  tritium  present  in  the  tissue  at  the  time  of  release. 
We  demonstrated  that  the  tritium  released  was  95-1005  ^H-ACh. 
The  release  of  ACh  was  found  to  be  Na+,  Ca++  and  temperature 
dependent.  The  addition  of  scopolamine  (10"‘,-10"3M) 
increased  the  release  of  ACh  up  to  190%  while,  the  addition  of 
choline  (1Q"3M)  decreased  the  release  of  ACh.  This  decrease 
in  release  was  reversed  by  the  addition  of  10"°M  scopolamine, 
demonstrating  the  presence  of  a  presynaptic  muscarinic  receptor, 
as  has  been  described  in  other*  tissues.  The  addition  of  the 
irreversible  chol  inesterase,  inhibitor  di isopropyl  f  luorophosphate 
(0FP)  (10"4,  10^,  10"°, M)  into  the  superfusion  buffer 

resulted  in  a  significant  decrease  in  the  stimulated  release  of 
ACh  with  esterase  activity  inhibited  by  more  than  90S.  DFP  at 
10“'  and  10"CM  inhibited  esterase  activity  by  60  and  40S, 
respectively,  but  had  no  effect  on  the  release  of  ACh.  This 
decrease  on  the  release  of  ACh  was  found  to  be  totally  reversible 
with  the  addition  of  10"®M  scopolamine  into  the  buffer.  The 
decrease  in  release  of  ACh  by  DFP  can  be  attributed  to  the  accumu¬ 
lation  of  ACh  in  the  synaptic  cleft  and  consequently  its  agonistic 
effect  on  the  presynaptic  muscarinic  receptor  therefore  decreasing 
release  of  ACh.  The  muscarinic  antagonist  scopolamine,  at  a 
concentration  where  itself  does  not  affect  release,  was  able  to 
totally  reverse  this  effect.  This  data  demonstrates  the  presence 
of  a  presynaptic  muscarinic  receptor  on  cholinergic  terminals  in 
the  rat  iris  and  suggests  a  mechanism  by  which  DFP  decreases  the 
release  of  ACh  from  cholinergic  terminals.  (Supported  by  Air 
Force  grant  #61-0229  and  83-0051.) 
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M-cmIim  (wifitmw  fim*  0,1  t*  I0O  Jt  rtHilM  IjtICAl 
AIIMttC  IIMtICt  atf  AA*Art*l  nitMtlM  CffrltAntt.  If  3  AM 
IM  lH  JM  t  If  M.J  AM  K4.*  fMl/n*  OMttlA/*  ■«*  flf  f»S 
famrAin  tffllutamc.  iwuci  if  UAMiirt  ftt  CMlirt  imi 
IrMtlMOMt  |r*MrK  fp»e  (VintA-OIJ  KAIn  III  Ml  llfflf  tlfl* 
fKAnttf.  follflM  fCvtlllAn  If  AniUMllMIUmf  IriAtH 
IfMittiw**  aim  I  jf  (Ntlift,  Cenwt'tlAA  if  fp-enallrc  u  M- 
ACn  *A(  AuantltAlH  If  (*T{AMtlVr  B»tC  IW'IIIM  if  IM  (mils* 
MtAMlIttl  AM  IlCJId  icinllllltlln  fMClMMlrr.  VftKIlf  flf 
tMlmt  kfim  in  ru  trim  tfAititanrt  |*n*eA0UM«l  ipj  »ai 
?3,I  JMl'M  IflU'B'A  *1B  ef  WltCB  »*t  all  trAAIOOrlt#  If 
lOafta*AtOCMt't  tKIlim  IB  (MArllM.  CMlft  IfAMMfl  »tl* 
Kllf  Inn  AMIMA-llt  HNItllMI  Ml  II.  1  Ml/*f  IflttlBfA  (In, 
M  If  Mien  Ml  amI  JtMt  m  tOAiw-frtt  (lltMun  twottitvttdl 
•Nl*,  In  r^glir  t  IS  Ml  Mill,  It  all  ClltrvtA  IMI  Ut  if 
W-cnallM  trAMM'UI  lull  'At  IfAin  tvnicioteart  If  tOdlua* 
IftlMfnl  CMCttttt  Ml  Itc.tlm:,  aMll  IS  OVlftA-AIO  |nlf  Ut 
Oj  l.tn  CMlMa  alt  raldiliM  tl  A(n  l*-0.C.'l.  follOamt 
t  ,jj  i*<i>((t>}UM|i;iia,  "t  U  a'  (notice  ifAMUrtta  if 

teOlv^-OtPtMf't  'tt'IVl*!  m  fit  tmiotetonal  alt  AtflillUl, 
Niafitf.  *n  (iin>«-c<I  t.'IJUtOMt  (Ml  CAfAfttfr  »ll  llsnifl- 
(inti*  If(r\«t(i  n  j:  1*.  **»  fft  mcffiit  in  <n*?MI'.f«  vltli* 

fllltair?  i  •ffMil'ifil'tn  alt  ’*M*.  AM  IJH  in  fit  SM  Wtwi- 
Sif,  f«lM(ftfif,  '(I»;*«f  td  ftttini  trlniurt.  ’Btl,  'n 
(jinn i*s‘c  t-MitiicMt  :*«•  r(f.t"tict  if  <nol»ff  tfintiiftte  >>i 

im^tftf'tfni  t'lt'ltl  to  Afn  tintnfiit  >t  1-ffllM 

if  <tt»iAfi:it<S*  e‘  :*«  '(••»  tf^ir.ll.  "nnw  r«laltl  l.tttll 
IMt  t'ff*  mi  m  «<*<»'f*<tl  »««ff'f'n(  tft  iuilin;  c*  (•sum 
tflMtSfl  tl  ft  (•l|Vl,J  ttttfllllC'  ftictien  AM  Iff  wtihff 
tun  cf  (ie:tn:«i  t»si>'*  ••  ft  i>ntrti>i  of  »C«  in  tfniitoioMt 
f'o*  trim  (A  »a;  1*1  «.itfA**»i 

ll.IMfttl  tf  «lt  naeitA.  •Ttll'tn  Council  ef  (AnAlA), 


/3u,m  aftot  *  tfr  »  m  «uam  or  Kftnoocixt  w 

^  J  STAM1IC  UrttUIKC  I.».  will',  t.  <tA 

- ll(Ar«M«».  (y«:  C.  U).  tall.  flMAHiftf,  iA 


Kt(  or  AMf. 

lljKMInl,  J.t, 

_  CAatAfnlUI- 

MTrwf^?ilt7 kill  if  piiitiM.  JKiMf  till.  It  MW* 

fM  AlklM  fAt  kit  caatAlat  t  Aan,«  »|#A«t  *f  (Mlln*t(IC 
aattt  t«M«*All  <*IMI  fill  AMItl  ri  iKAtM  t*  IM  (U'Aff  1A** 
•  Ilia.  Ml  ltf»«t*l  ll  *  fMI  MM  I  fA»  IM  Half  if  (Mltnaa* 
rlC  faMlltn  aat  tl  Itl  iMillMUf.  flllMinf  (MfKtK IIAt IM 
it  tM  MM  Afflnltf  <Ml»M  (CM  MtAA*  IfttM,  «M  llMlfUll  / 
IttMlAIA*  ftllAtl  if  ACItfUMltn*  |K»)  a  At  ItallM.  ACA  Malt 
a*f«  liMllM  If  MtAAt  If  M-O  fit  10  aln  {1  A»|.  TM  *'»»« 
a*tt  im*  Mata*  M  M  N  i  nliAii  tntMa*  MAI  fit*  trm 
|M  At  Anna  (WIJ.  Afte?  A  10  aln  aann  IM  tlttaa  aAt  tIMalAtM 
If  A  SO  M,  JO  •*.  i  «t  MAAfA  a*»t  fir  I  ala  all  It  Ml»(  tv*t»* 
fait*  if  ainanAlM  llllatt  I  Mftf,  Ha  aatfatAtt  art  cal* 
ItCIM  l»la  tclntlllAtlM  anil,  Aftta  Mien  (  al  af  CKUAll  aAC 
»AaaA  am  tM  f  AitiAClIf  Ilf  'tltAiAi  aAt  At  I  afa  i  naa  if  Itiall 
tCinllllAtlM  CtanciM.  TM  I'M*  rtltAlt*  aAt  AAKattll  At  A 
ittintAit  at  IM  tetAl  tfltlM  rritat  In  im  tlttaa  At  im  cim 
If  ftltltl.  t*  aaaaattfAlM  fit  tM  tri:lM  flltAtA*  a«t 
fS-1001  •**•*£>.  tM  MltAlt  If  »C»  aAt  ffaM  tl  M  M*. 
Ca~  i*  lMail/l  ant* Aral .  tM  AMltlM  if  tCMAlaamt 
(I0*4»10*»«l  InCftAtM  t«t  'tltitt  It  Kn  u#  tl  ISO* 
antic,  IM  AMUiM  If  CMllM  IIO’M)  MCftltM  IM  flllAtl 
if  fa».  SMt  IH'tAtt  In  'tltAtt  aAt  MttflM  If  IM  aMillM  Of 
I0**a  tCAMlaunt,  AaatatttAtiM  tM  KttAWI  A  KAtfnAA* 
lit  AaKKinte  rtCtatK,  At  »lt  HP  Aatcrlld  In  atn*»  tlttnt, 
IM  nAltiA*  Af  tM  '"ttl'tlllt  tMltnatlKAtl  InnllttK  llltl* 
»fMfl  f  laKAaMtAnAtt  |0*fl  (I0*4,  10*»,  10***)  imi 

IM  tuMtf«l<|n  Mtt*  MtaltM  In  a  tUnlflcAnt  ncrtAtl  in  tnt 
ttlCaUtn  'tltAtt  if  ICn  altn  tilt* Ate  AClIaltf  IMIIIIM  If 
aaft  tin  «*.  er»  At  10*'  am  I3*faa  Innliltn  tttKAtt 
AClixlf  If  to  AM  Ait,  •ttitctt'ttf,  Awl  na4  M  tfftCt  0"  tnt 
ft'tllt  if  Aln,  >*lt  itC'fttt  On  l*t  tf  1 1  At  t  of  *tl  *At  flaM  10 
It  Istlllf  *tAt*t>llt  a'tn  l‘t  MAHlen  of  13"*1  ICOAOlanlM 
nni}  |A»  Owfftt,  T't  AtC'tAtt  >n  'tltAtt  if  *Cn  tf  Off  ttn  ea 
mrn.IM  (0  tnt  ACCuaj>At>en  Of  A£n  In  fit  IfBAOtlC  Cltft  AM 
A.enttl.tMlf  Ml  NOnMt’C  t'fttl  On  ft  K«tr*»HC  aMtCflnie 
»tetsts»  tnt»t}'t  otC't«lf|  'flttit  af  *tn,  Int  ajui'inic 
1*1  ijon'tt  woiAlmint,  tt  i  ce*(tnlrttlon  antrt  llttH  oott  not 
I'ffCt  AflfAlt.  a*l  ASlf  to  tsullf  AAnflt  lilt  t'fttl,  ‘Vl 

iti i  etn.'*tt»i!et  ft  t'»it«ct  »f  t  cttmt'C  mich tnie  mom* 
is*  0"  tn»l'*»AflC  It'nmni  f  tnt  'll  IM0  ml  tuff  tit  4  attn- 
tnita  Of  Mien  0M  stc'tivtl  ft  'tltitt  ef  fCn  *'(*•  tnillnt'('C 
tfairilt.  'S.taoAtM  If  At#  ffct  ('tnt  111*0129  am  D-OOil.) 


UJ.IJ  i'CFCTIOV  or  V'.nC'TVtCHCLINt  FROM  CUINtn.riG  lt,e,'M 
MY7STIRIC  PICXfl  l\  BY  ISMIMTC»S  CF  PMCSPHO- 

DltJTlKMC,  P.  t. »**•«»  tnn  t.  ttllilfy*'.  ItPCfl  P,  Gftt"tAA«l. 
Oi'ition  cf  E«ofi-tvn  "'01(1', t.  SAtionti  Otftrtt  Rttawcn 
Inttitult,  1-T0I  TJ  fn-tl.  'atem. 

TBt  ttcttiion  of  Acti'lrau"*  UCM  It  rttuUttl  h»  KttrMOiie 
macAiinjc  Ittcoac*  irttilmon.  Tv  natuolt  m*oi»»Ttnt  tl  nYtiaam 
ereiic  fvettonart  m  rn  control  »«t  mintlittlri  vtim  |a«  ammiKt 
If  OMtMMirttt'AW.  Tna  net  r.^tt  «!  ft  rtolintttic  ntf'tt  if  fa 
m»r<ttfie  Sltnjt  af  ra  ranat-ot  tirom  inrtituCmAl  mutcit  CAN* 
rttion  vtft  titrate  »tf  H-cmum.  TV  atroA/Aiion  «ai  nynatita 
in  *n  orton  cunat,  am  mjaatluKO  aiih.T.tMt  tolglion  cmtAinmt 
htmicnolmnnn.J  CIO"  VI  am  r\*tmt  IlC"*  ME  SlanglAlton  ait  aim 
irtlni  cf  US  went  13.}  tnt.  113  VI  ai  a  l*»  fttautMr  19.1  HiE  \M 
rtiulli  at  twrurt  n  ct  taa*M  IiACtinnAI  ttcttiion  of  tout  ‘H, 
AOCrtion  of  },A«aui«l4*<nttn tliwnntnr  II8MV,  3.3}  mMI  tnnAncta  ft 
tti'tl  ttcrtno"  «l  ’K.ACn  tf  t*  •  It  %  (m4,  e<0.00IE  Fnm  ft 
tUncti  al  IfiMX  II.}  nil.  m.l  ft  ceMt*WAlion  ystlOfR  hAll-mAtimAl 
tnhonctmtni  K  I  vai  atiwn u»«  lo  It  3.0  mM.  TM  mnitinnl 
incrtAW  e*tt  ft  central  l**»l  ai  infnttrlv  h<«n  concmlf Atron  if 
I6MX  fV  1  a  ai  tirimiM  »  a  IN  I.  FtatMtinwr.  tv.tlltCM 
of  IBMX^  (I  or  I  mMI  »**t  nil  oltrft*  It  auckm  (10**  Ml.  A 
tirucrurallr  Oilfittni  ..filriot  ol  (CwtenMittirrAtt.  30  39.0CI, 
AM  tlitntlt  tnMnctc  ft  M*ACl  mcrtrion  bur  aithin  A  »tft  runroa 
cancrntrAtion  ronft.  TM  wt(M«n  %ai  tenancrl  It  *0-1 10\  Iv  SO  30.004 
(QL).O.)  mMt  Abawt  Cm  rintt  ft  wcrtrien  VM  rwintrt  mttiCAlltr, 
ebaot  10-fold,  and  %ai  prrlAOl'  not  rtliltd  ra  ft  inhiSninn  of 
pnaimodiMitrAit.  Thr  rtiuin  tutttti  fAt  rndotrnsut  cvclK< 
eucitonett  Art  nor  in*oi»na  in  nuicirmlc  *Auiemnilinon*  of 
’H-ACI  ttertnon  n  pjim-oii  iltym  rr.*tnit*rc  pltiut.  Hoaf'ft, 
ll  ft  concti'Ailt  f  a  l  Aotnotmt  J'.l'-<vf|ic  rronnoncnonAtt  n>A* 
It  m»ol«rd  in  ft  tnnAnct**'*'!  of  tvontd  M-ACh  Mcrtnon  CAultd 
iv  jcminon  ol  oftr  rtetotoft. 


:«.IA  »t»:.u:cn  5*  •TfUtnOlUt  It  IK  «S(o:t  £r  JutASt. 

:m>:(fa;t  c>  s:::y.  :u:;r  »>:  i-i  suivn  f.«».  » i.  irm. 

ftfortvot  Of  Tn/tralOO/,  *C6«1I  tni't'mj,  Mntrtli,  lAni»* 

H}3  Ir6. 

'ellMinc  A  IS  A|n  ir.nillt'on  of  ft  S-WtW*  CM**  '«  ft  CAt 
Ultrior  cc'vlcil  lAnolren  tj  ctr'vtlOn  attn  C-f'tt  loot  tola- 
tf,  <  19  am  rtcoit'f  in  *o*-aI  %ecit  orcoucta  a  Sit  rrcrtAtt 
tn  AttlrlCMlInt  tte'tt.  *M  I'CrtAtt  m  tteett  otcorrta  atfoat 
"tftltt  m  icttvlcnolint  'tltAtt.  ’nut  IMI  croctdart  Of  pjm 
Innioinon  'ollo-fl  O'  'tceit'r  tfltttlvtlv  ACtl'Attt  ACCtfkno- 
lint  t.'tttm,  T'.t  tnfftttt  in  ttertt,  »nicn  OCCurrtd  f"U'tlf 
ejrfs  ft  10  am  rtcoit''  rt'iol  In  alien  ft  toaii*  SUM  »tt 
rtictivAlta.  rtprtttntt  a  cau  of  tjnftm  of  actlflcnol li-t  of 
S.lt  of  ttertt  (*r  am;  mwaI  to  tM  neiiawa  rut  tBAt  cm  it 
Acmt'tl  A«'i«l  M|B  f'teutACf  frtlino) Ionic  ntrv t  tlinulAllen, 

Trt  IncrtHt  act  not  iff«'.tO  Cf  tfllltuline  lltf lonAtt  for 
cilortet  in  tnt  Atfftlllon  flulOI,  It  aAt  crtrt"lta  tf  'lOvcm* 
ISAlua  to  3S  f  in  ft  l-frtt  toot  im  Alto  errvtnttd  or  oalttinf 
caIcim  Iren  t't  rt'futian  flutoi.  It  it  cencKdtd  fAt  tM 
stltctlit  AClI'Allon  of  ACttflenolInt  fnlMUt  folloain*  tnt 
ptutt  rn  todiim  PiMI'O  aAt  A  OirKt  rfult  of  An  IxrtAttd 
sediM  pm  rut  t'A  An  incrtAtt  in  mitfnAl  CAldua  in  tnt 
r tr*t  tcrairalt.  it  It  prOMttA  IMt  tlallAr  ionic  tftntt 
protuCtO  rr  'fMtltl't  n»'*f  moulttt  lllfallt  ICtlvilt  ACttfl- 
cnollrt  tvnfttit  iMtotMtntlf  of  rtlttlt  ol  trAntaitttr  Of 
ctcltlien  cf  ttertt. 
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TEMPERATURE  ACCLIMATION  MODIFIES  TH^CHLCRIDE  CONDUCTANCE  OF  GREEN 
SUNFISH  MUSCLE  FIBERS.  M.  G.  Klein-  (SPONSOR:  C.  L.  Prosser).  Depart¬ 
ment  of  Physiology  and  Biophysics,  University  of  Illinois,  Urbana,  IL 
61301 

The  passive  electrical  properties  of  skeletal  muscle  fibers  frcm 
Green  sunfisn  (Lcscnis  cyanellus)  have  been  determined  from  cable  analy¬ 
ses  and  rapid  ion-suostuution  experiments.  In  sunfish  acclimated  to 
25*C  the  resting  chloride  ion  conductance,  gCl,  is  larger  than  the 
potassium  conductance,  gK.  Mean  (iSE)  values  are  £55  »68  uS/cm2  for 
gCl  and  92  *12  uS/cm2  for  gK  (measured  at  T  *  2S°C ,  N  ■  7  fibers). 

Membrane  capacitance,  Cm,  is  5.5  *0.3  wF/cm2.  In  sunfish  acclimated 

to  7*C  gCl  is  significantly  reduced  to  75  ±9  wS/cm2  while  g'<  is  65  *6 
n/crn4-.  C2  is  reduced  to  3.9  *0.5  uF/cm2  (T  »  7*C,  N  ■  7).  The 

Qig  of  acclimation  is  3,0  for  gCl  and  1.1  for  gK.  In  both  25*-  and 

7*-accl imated  sunfish  the  acute  effect  of  temperature  exhibited  Qjq 
of  1.7  for  gCl  ar.d  1.2  for  cK  over  5  to  20*C.  Temperature  acclimation 
appears  to  involve  a  reorganization  of  the  chloride  conductance  pathway. 
Evidence  is:  1)  The  cnance  in  gCl  occurs  over  a  time  course  of  9-14 
days.  Changes  in  Cn  develop  in  5-9  days,  ii)  Kcnorane  selectivity 
seouences  to  foreign  aniens  arc  not  the  same  in  25°-  and  /'-acclimated 
sunfish.  iii)  Current-voltage  relations  measured  with  the  three- 
micrcelcctrcce  metres  shew  constant  field  rectification  in  25’-sunfish, 
but  are  linear  in  /'-sunfish.  The  fail  in  cCl  in  the  cold  appears  to 
increase  nemo rare  excitaoility  by  reoucing  the  macnitude  of  the  passive 
shunt.  (Sup part co  by  NSF  PCM  79-1-135). 


^  EFFECT  OF  OFP  ON  ACETYLCHOLINE  METABOLISM  IN  THE  RAT  IRIS.  T.  G. 

Mattio,  E.  Giaccbini  and  J.  S.  Richardson.  Department  of  Pharmacology, 
Southern  Illinois  University  School  of  Medicine,  Springfield,  IL  62798. 

The  iris  contains  cholinergic  nerve  endings  whose  cell  bodies  are 
located  in  the  ciliary  ganglion.  This  makes  this  structure  a  good  model 
of  nerve  terminal  function  free  frcn  contamination  by  cell  body  and  glia 
(  effects.  Following  the  characterization  of  the  uctake  system  for 

choline  (Ch)  and  the  release  of  acetylcholine  ( ACh )  in  the  isolated  rat 
iris  we  have  studied,  the  effect  of  the  increase  in  ACh  concentration 
•  following  local  administration  of  the  irreversible  cholinesterase  inhi¬ 
bitor  dll  so  propyl  fluorophosphate  (DFP).  At  the  various  times  after  the 
topical  administration  of  0. IS  CFP  in  sesame  oil  onto  the  corneal 
surface,  the  rats  were  sacrificed  and  the  irises  were  removed.  Pupil 
diameter  was  measured,  ACh  as  well  as  Ch  levels  were  determined  and 
acetylcholinesterase  (AChE)  activity  measured  in  segments  of  the  same 
iris.  One  minute  after  CFP,  no  changes  were  found  in  pupil  diameter  and 
ACh  levels,  but  AChE  activity  was  decreased  by  65%.  At  5  minutes,  pupil 
diameter  was  reduced  by  COS  (and  remained  at  this  level  for  the  duration 
of  the  experiment),  Ch  by  20%,  AChE  by  92%,  and  ACh  was  increased  by 
38%.  At  15  minutes  ACh  was  increased  by  23%,  and  Ch  was  still  reduced 
(101;)  but  continued  to  recover  reaching  control  levels  at  CO  minutes. 
Acetylcholine  levels  were  still  increased  at  60  and  120  minutes.  AChE 
activity  was  still  inhibited  86%  and  74%  at  60  and  120  minutes, 
respectively.  Cur  results  shew  that  in  peripheral  cholinergic 
terminals,  in  spite  of  the  continual  inhibition  of  AChE  activity  and  the 
functional  pupillary  paralysis  following  a  single  exposure  to  antiChE 

ane"ts*£h  acd,Ci:„tend„tp  return  toward  normal  levels.  (Supported  by 
Grant  r.rGSn-ol-oZ^S  co  t.S.) 
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EKITAHCCItHT  it  Cm  CAHOMOSIOt  TUATHCttT  Or 
ACtTTLOWUXCSTtAASt  ANO  CHOUNt  ACETYlTAAMSrt- 
AASC  RESPONSE  IN  AAT  HIPPOCAMPUS  POUONINC  LE¬ 
SION  Of  THE  CHTOMtHAt  cortex 
lltiia x*no  JtiltMU*, 

joUnt*  UlO*.  «mriunQ  iM 

txv-’Vt  Mneil  Inmuu  ol  iUpeTTSeniaT aieio- 
TY» Pol ion  Acodcuy  ef  Sclencea.  }  Paotcur 
sum(  0J09J  Htcu«i  Poland. 

The  telnnetvatlon  response  of  chollnefTic  fi¬ 
bre*  o(  tne  hippoe*wpal  location  to  eolation 
of  the  entorntnal  carte*  la  wall  Known.  Tnii 
tespcnie  can  ee  further  potentiated  sy  tn*  ad- 
•intitrailon  of  GHj  *ono»ialaean9 Hondo.  Th* 
entorntnal  cortc*  was  removed  unilaterally  by 
aspiration  and  the  rats  wet*  allowed  to  aurvivc 
for  il  days.  TK*  rats  were  daily  (n)*ct*d  with 
buffar  or  with  CM;  lanrllotidt  (S  and  JO 
•fAf  l.o.  respectively) ,  purchased  fro#  PIOIA 
•ee.  taoa.  Italy.  The  biochemical  analyses 
were  performed  on  the  dorsal  parts  of  the  ipsi* 
lateral  hippocampus  (the  contralateral  part  was 
us*«i  as  control)  taaen  in  toto  or  on  mcrodte- 
sected  fascia  dentata.  te^io  superior  and  rtoio 
inferior.  In  animals  treateo  with  Chi  there 
was  a  dose-dependent  increase  of  CAT  activity. 
30  and  JSi  increase  with  $  etui  JO  .wa/e'i  »nen 
conoateo  win  f.e  contralateral  unlestoned 
side.  The  sax*  treatment  did  not  cuse  any 
siomf leant  cnanae  of  TA3  activity  mdieatinu 
the  selectivity  of  f.e  (anouoside  effect  on 
this  nodcl  lesion. 
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trpfCT  or  orp  «  acimocu*  mtamum  ih  the  aat  iris. 

nettle.  T.c.».  Siiat^LuL.  Xybory .  OHt. 

Pharo, .  Southern  ITT. tSiv. School  of Medicine, 
Springfield,  IL  4270S 

The  iris  contains  thollneroic  nerve  evdtnfi  wwm  cel) 
bodies  are  located  In  the  ciliary  91*9! tee.  This  *eaet 
this  tiruciure  a  poos  aseel  ef  nerve  lensmal  function 
free  fro*  contanlnatton  by  cell  heey  ana  glia  effects, 
follewtne  the  cnaracteruatlon  of  ine  uotaie  tytte*  for 
tholine  CCh)  and  the  release  ef  acetylcholine  (ACh)  in  the 
Isolatte  rat  Iris  we  nave  studied.  tne  effect  ef  the 
Increase  In  ACh  concentration  following  local  aontntiira- 
tlon  of  ihe  Irreversible  cnellnesttrase  Inhibitor  dilso- 
prooyl  flueroonosbnate  (OfPl.  At  various  lims  after  the 
topical  aoninistration  of  0.1S  trp  in  scte*e  oil  onto  the 
•  corneal  surface,  the  rats  were  sacrifice#  ana  u»t  Irises 
were  reaves.  Pueil  d  tamer  was  neasuree,  >Ch  as  well  as 
Ch  levels  were  determined  ane  acetylene) inesterase  (ACht) 
activity  measured  in  st aments  af  tna  sane  iris.  One 
■Inute  after  CfP,  no  cnanyes  were  founa  In  pwoil  diameter 
ana  ACh  levels,  hut  *ChC  activity  was  aecreasea  by  45t. 
At  5  oinutts,  pupil  dia*et er  was  reeucea  by  401  (ana 
renames  at  this  level  for  the  duration  of  tne  ttoeri- 
sent) ,  Cn  5y  lot,  AChC  by  92T.  me  »th  was  increased  by 
381.  At  IS  minutes  ACh  was  increases  by  231,  ana  Ch  was 
still  reouced  (1011  Out  continued  to  mover  reaching 
control  levels  at  to  mnutes.  Acetylcholine  levels  were 
still  irtreaseo  at  CO  ana  120  air.utes.  »ChC  activity  was 
still  inniouco  Sit  ana  /it  at  CO  ana  120  mnutes,  respec¬ 
tively.  Cur  results  snow  that  in  censneral  tholineritc 
terminals.  In  tpiit  of  f.e  continual  inhibition  of  »Ch£ 
activity  ana  t*.«  functional  capillary  paralysis  following 
a  single  tmosure  to  aniiCht  a^nts.  ACh  ana  Ch  tena  to 
return  tSwtra  novwel  levels.  (Supported  by  MAM 
AF05R-81-0221  to  t.C.) 
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tnOUVC  ACC:rLI>ASSrt:ASC  C3YUMS  1.1  SJVXC  S’l.SAl  WICR 
«U?0hS  r«M  SEVEN  S? EC ’ ES  Cf  l£M£3-AT£S.  T.Unma  cuo 
ana  ifMnfva  t.  ^uraim-a.*  C«:i.,Slecnem..ir.i;.iritn  Ms., 
t’niv.Uayo  facjit..>a..:;»yo  IIJ,  Jasan. 


Sln9le  cell  toaies  (0.25-5. #5  n?  Cry  weight!  ef  motor  neu- 
rent  ware  isolated  fron  free.’t-drua  sections  cf  frt sn 
loinal  corct  of  verirorssei  at  tnewn  m  tne  'isle  cvlow. 
Hunan  smalts  (0.15-3.52  n-y)  .tre  also  isolate:  fren  spin- 
al  ccrot  couirea  at  aut::sy.  Choline  ace  t/Urir.sftraie 
activities  of  these  smoie  -«urer.s  were  eeiertmeo  ty 
neasurin?  acetyl-CeA  forraticn  in  tn.e  rtvene  reaction  oy 
use  of  an  en:>«aiic  a-wlificiitcn  reaction.  CoA  cycling. 
Aat  neurons  nao  the  honest  activity  ana  tre  cold-oleoaea 
animals  snowea  about  cne-tentn  of  tne  activities  of  the 
warw-oleoaeo  animals.  The  soeciflc  activities  on  a  ory 
weight  basis  were  widely  distributed  anond  individual  neu¬ 
rons  fro*  esen  species  (see  S.3.  In  Table) .  Although  hu- 
*an  neurons  were  eotatnea  une«r  different  morbid  anq  post- 
Horten  conditions,  feir  activities  were  very  low  ano of  tn« 
si«ilar*oracr  of  magnitude  as  those  of  neurons  fro*  cold- 
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to  lutcosy,  iun;  emcer 
]t  2)  female.  *J  yrs: 
36.£»30.6  (11)  (11  h. ute¬ 
rus  caneer):  31  fe-wle. 
11  yrs:  £3.:M8.5(I3)( 
3.5  n,  carsicvascular 
nalforratunj.  (narcoel 
e*ctrir*nt.  tr.e  enz/ne 
was  oegtneraud  50  t  In 
mouse  crams  II  hatter 
deatn.  Thus,  tne  low  ac¬ 
tivities  are  trouiynt  to 
be  one  of  tr.e  character- 
istics  cf  huian  neurons. 


a'AMUATICS  CF  ACfTYLCHOUNC  !T  CHCHIllNIMSX'iCC.  APPU- 
CATICT  .3  S£L£ASC  fays  «T  KHIOUP-oarja. 

Jenin  niooblae*.  uUan  tnSsscn-  ma  £d«th  mlbronn 
unit  of  Nvvrocnrvistry  ano  'vurotoucoicoy .' -nivr.rsity  of 
S'.oonolv.  S-i/2  *4  Suneoycero.  5men. 

The  cnemiSutintscence  metr.oo  for  acetylcholine  (ACh)  fluanti 
tation  acccroir.p  so  Israel  ano  tesoais  was  nooified  to  fit 
analysis  of  mounts  of  iCn  released  fro*  the  henidiaonrac* 
of  tr.e  rat.  Oxidants  »ere  not  useo.  Instead  a  purification 
stes  was  'ntroouceo.  as  mamalim  tissues  release  suostan- 
ces  mat  cuencn  the  U^nt  reicticn.  ACh  was  orecioitaied 
•itn  cotassiu*  penodide  (Xt-j).  the  precipitate  was  absol¬ 
ved  in  ctner.  ACh  was  curacies  fro*  tho  etner  by  I0*4  H 
MCI.  The  asueous  erase  was  assayed  for  ACh  by  chemilumine¬ 
scence.  Tritiateo  ACh  was  used  as  internal  standard.  The 
exparments  were  performed  in  the  presence  of  I  uH  TTX  with 
sarin  as  an  anticholinesterase.  Release  of  ACh  fro*  he*i- 
dlapnra?**  of  the  rat.  quantitated  by  tna  reported  *etnod, 
cowoares  well  with  values  found  by  otners  (basal.  3.5  «ti 
K*  :  O.S  -  0.08  pooles/*in  %  r.e*idi«onrao*  and  evoked,  50 
rfi  c*  :  1.9  *  0.t3  p*oles/mn  *  na*idiaphra9*). 

Ihls  ■ on  vis  suooorted  by  the  Sweeisn  Hedical  Research 
Council.  I33-I3R-03907-11.  and  the  Swedish  Council  for  plan 
nm9  and  cooperation  of  research. 
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II  »lH»fi  I*  «  MM  ttttfl  W*n*f  If  VHKVltkilf  It  19  Ik 
W  IVtUC  l«ncta(rtlttnt,  CVllV  MUM  II  A((l  IfMN  tf 
•tllif Mr  <f<f Iftllf I  If  MOMltMM  IM  (MMII. 

ItKtflU)  HInIiIIm  If  TO  M,  %  MM,  I  Off  M*r|«  UMM 
M*M  if  IlllltM  ft!  tfll  IMUtUl  tf  IMMtllM  tl  IK  l| 
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IttMMtl  tM  illtlfillf  tlf  IV  IfHVtll  If  *C 
IM  Ktlflivllv  Im  M  It  rilMItltlll  IV  Mi 
Mitt  If  IMI  fffNf  M  VI  llfltlt.  (VfV  Ml 
(fiml  f Mw  tv  irw  witwtVMfitt  rrtdif  m- 
llllltl  Ml  MlfMfV,  tl  (WttMt  II  IV  Kllfl 
fw»  IV  V*lf III  IfVfMfMl  ffKilf  MKk  M 
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MECHANIC  OF  CHOLINE  UPTAKE  AND  ACETYLCHOLINE  RELEASE  IN 
PERIPHERAL  CHOLINERGIC  SYNAPSES. 

Giacobini,  E.,  Richardson,  J.S.  and  Mattio,  T.G.,  Laboratory 
of  Neuropsychopharmacology,  Department  of  Biobehavioral 
Sciences,  University  of  Connecticut,  Storrs,  CT  06268,  USA 

A  new  procedure  allowing  to  perform  a  multiple  set  of 
microanalyses  of  ACh  (acetylcholine)  metabolism  and  release, 
as  woll  as  of  Ch  (choline)  uptake,  has  been  applied  to  seg¬ 
ments  of  single  rat  irises.  The  characteristics  of  the  high 
and  low  affinity  Ch  uptake  system  which  have  been  previously 
described  by  us  for  the  developing  and  aging  avian  iris 
(Marchi  et  alM Dev. Neurosci .2> 135 , 1930  &  Brain  Res .195.423.1930) 
have  now  been  determined  for  the  adult  rat  iris  as  well.  As 
in  the  chicken,  the  rat  iris  exhibits  two  distinct  Ch  uptake 
systems.  One  component,  a  Ha+  dependent,  temperature  sensitive 
high  affinity  system  (Km=  1. 37  pM)  which  is  blocked  by  ouabain 
and  hemicnolinium,  is  most  likely  confined  to  cholinergic 
nerve  terminals.  A  second  component,  probably  localized  in 
the  iris  muscle  cells,  is  Na+  independent  and  shows  low  affi¬ 
nity  (Km=  4-33 •  3  pM)  •  Only  the  high  affinity  component  is  re¬ 
duced  by  pM  concentrations  of  scopolamine  and  DFP.  Electrical 
stimulation  of  the  isolated  iris  by  20  mA,  5  msec  100  Hz 
nearly  square  waves  causes  a  200 ?»  increase  in  the  outflow  of 
radioactivity  following  incubation  with  (^H)Ch  in  the  pre¬ 
sence  of  scopolamine.  Scopolamine  and  DFP  alter  the  release 
profile  with  10  nM  scopolamine  increasing  the  evoked  release, 

1  pM  scopolamine  increasing  spontaneous  release,  while  1  pM 
DFP  reduces  both  the  spontaneous  and  evoked  release.  These 
results  are  consistent  with  the  existence  of  presynaptic 
muscarinic  autoreceptors  that  control  the  release  of  ACh  from 
the  cholinergic  terminals  in  the  rat  iris. 
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